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(54) ADJUSTING METHOD FOR FREQUENCY OF RESONATOR SURFACE ACOUSTIC WAVE FILTER 

(57)Abstract: 

PURPOSE: To adjust the frequency characteristic of a resonator 
surface acoustic wave filter. 

CONSTITUTION: An insulating film 39A is adhered to coyer the whole 
of an IDT 32, a grating reflector 33, an IDT 34 and a grating reflector 
35, the both propagation speed of an SAW generated in a serial arm 
SAW resonator and a parallel arm SAW resonator lower by the same 
speed, and the both reactance characteristics of the serial arm SAW 
resonator and the parallel arm SAW resonator are moved to a low 
frequency side. Because this moving amount can be adjusted by the 
film thickness of the insulating film 39A, the insulating film 39A is 
adhered till a frequency characteristic becomes a desired one. By this 
procedure, the frequency adjustment of a resonator surface acoustic 
wave filter can be performed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely, 
2 # **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the frequency regulation approach in the resonator mold surface 
acoustic wave (it is called SAW Surface Acoustic Wave and the following) filter used for the RF signal -processing 
sections, such as a cell phone unit, etc. 
[0002] 

[Description of the Prior Art] Surface acoustic wave equipment is equipment which changes an electrical signal into a 
surface acoustic wave by the blind-like electrode or converter {it is called IDT Interdigital Transducer and the 
following) arranged on a piezo-electric substrate. A surface acoustic wave filter has the features of small, a light 
weight, and no adjusting, especially, and since the photolithography technique used for the manufacture process at 
manufacture of a semiconductor device can be used, it excels also in mass-production nature. Generally an SAW filter 
is classified into a transversal mold and a resonator mold. Drawing 2 is structural drawing showing the configuration of 
the conventional general transversal mold SAW filter. Two or more IDT(s)3 for an input connected to the input 
terminal 2 and two or more IDT(s)4 for an output connected to the output terminal 5 are formed on the piezo-electric 
substrate 1 at this transversal mold SAW filter. The transversal mold SAW filter has structure which has arranged much 
IDT(s)3 for an input, and IDT(s)4 for an output by turns. Drawing 3 is the conceptual diagram of a SAW resonator. 
This SAW resonator is equipped with IDT6 and the grating reflector 7. A resonator mold SAW filter is constituted 
using the SAW resonator which consisted of IDT and a grating reflector. A resonator mold SAW filter is classified into 
a ladder mold and a double mode type. Drawing 4 is the block diagram of a ladder mold circuit using two SAW 
resonators shown in drawing 3 , and drawing 5 is the block diagram of a double mode type SAW resonator. Generally, 
a resonator mold SAW filter has the description of low loss, the high magnitude of attenuation, a narrow-band, and 
matching circuit needlessness compared with a transversal mold SAW filter. 

[0003] Drawing^ is the top view of a reflector mold SAW resonator. This SAW resonator has the piezo-electric 
substrate 11, and the input terminal 12 into which an electrical signal is inputted is formed on that piezo-electric 
substrate 11. Blind-like electrode finger 14a is connected to the input terminal 12. The output terminal 13 is formed in 
the opposite side of the input terminal 12 on the piezo-electric substrate 11 like the input terminal 12. Blind-like 
electrode finger 14b faces electrode finger 14a, and is connected to the output terminal 13. The transducer 14 consists 
of electrode finger 14a and electrode finger 14b. A transducer 14 changes the SAW16 into an electrical signal, after 
changing into SAW16 the electrical signal inputted from an input terminal 12. Reflectors 15R and 15L are formed in 
the propagation direction A of SAW16 of the both sides of a transducer 14, and A'. Reflectors 15R and 15L have two 
or more electrodes with which the edge was connected, and these electrodes are formed at equal intervals in parallel, 
reflect SAW16, and they generate a reflected wave. Next, actuation of drawing 6 is explained. If a RF signal (hundreds 
of kHz or more) is inputted into an input terminal 12, high-frequency voltage will occur inductively in electrode finger 
14b which high-frequency voltage was built over electrode finger 14a connected to the input terminal 12, and was 
connected to the output terminal 13, but since the phase is behind, the potential difference arises among both-ends 
children. By this, SAW 16 of the frequency as distortion and an input signal with the same front face of the piezo- 
electric substrate 11 under the electrode fingers 14a and 14b excites. This SAW 16 spreads to the propagation direction 
A of SAW16 of the both sides of a transducer 14, and A', it is reflected with Reflectors 15R and 15L, and a reflected 
wave occurs. These reflected waves and newly generated SAW resonate, and a standing wave occurs. The electrical 
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signal of the same frequency as this standing wave is outputted from an output terminal 13. In addition, although the 
impedances of the whole system seen from the input terminal 12 differ when [ by which termination is carried out by 
the load ] an output terminal 13 is released, and case and grounded, in any case, SAW excites and a resonator is served. 
Drawjng_7 is the circuit diagram of the electrical equivalent circuit of a SAW resonator. They are Coil L, Capacitor C, 
and the series circuit of Resistance R and the electrostatic capacity CO of IDT like a quartz resonator. It is expressed in 
a parallel circuit 

[0004] Drawing 8 is a property Fig. of the reactive characteristic of a SAW resonator shown in drawing 7 . The SAW 
resonator has the duplex resonance characteristic which has resonance frequency fr and antiresonant frequency fa, as 
shown in drawing 8 . Therefore, a band-pass filter can be constituted by constituting a SAW resonator like the 
conventional LC filter. Drawing 9 is the circuit diagram of the band-pass filter which connected two SAW resonators to 
the one-step ladder mold circuit. This band-pass filter consists of the serial arm SAW resonator 21, a juxtaposition arm 
SAW resonator 22, an input terminal 23, and an output terminal 24. Drawing 10 is drawing showing the property of 
drawing..? , especially this drawing (a) is drawing showing the reactive characteristic of the serial arm SAW resonator 
21 in drawingj? , and the juxtaposition arm SAW resonator 22, and this drawing (b) is drawing showing the 
transmission characteristic S21 of drawing 9 . The semantics of each sign in drawing 10 is as follows. 
fO; Center frequency f 1; of a ladder mold circuit Resonance frequency f2; of the juxtaposition arm SAW resonator 22 
The antiresonant frequency P; passband D of the resonance frequency f4; serial arm SAW resonator 21 of the 
antiresonant frequency f3; serial arm SAW resonator 21 of the juxtaposition arm SAW resonator 22; if the antiresonant 
frequency f2 of the decay area juxtaposition arm SAW resonator 22 and the resonance frequency f3 of the serial arm 
SAW resonator 21 are made in agreement The band-pass filter of a transmission characteristic as shown in drawing 10 
can be constituted. Generally, since the large magnitude of attenuation cannot be taken in an one-step ladder mold 
circuit, cascade connection of the ladder mold circuit is carried out, for example, it is used by making it multistage 
ladder mold circuits, such as three steps and five etc. steps. Drawing 11 is the circuit diagram of a three-step ladder 
mold circuit, and drawing 12 is the circuit diagram of a five-step ladder mold circuit. 

[0005] Draw]ngJ3 is the top view of the resonator mold SAW filter which constituted the SAW resonator in the one- 
step ladder mold circuit. In this resonator mold SAW filter, IDT34 of IDT32 of a serial arm SAW resonator, the grating 
reflector 33 of a serial arm SAW resonator, and a juxtaposition arm SAW resonator, the grating reflector 35 of a 
juxtaposition arm SAW resonator, the drawer electrode 36 for an input, the drawer electrode 37 for an output, and the 
drawer electrode 38 for a ground are formed on the piezo-electric substrate 31. Drawing 14 is the A-A line sectional 
view of drawingJJ . In addition, the aluminium alloy which contained copper and silicon in aluminum several% is 
used for IDT 32 and 34 and the grating reflectors 33 and 35, and gold is used for the drawer electrodes 36, 37, and 38. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in case a serial arm SAW resonator and a juxtaposition arm SAW 
resonator are unified and formed on one piezo-electric substrate, even if in agreement [ with dispersion in the thickness 
of an electrode, and the width of face of an electrode finger etc. ] when the resonance frequency of a serial arm SAW 
resonator and the antiresonant frequency of a juxtaposition arm SAW resonator are not correctly in agreement or, 
center frequency may shift. Therefore, desired center frequency and pass band width are no longer obtained, and' 
moreover, problems, such as an increment in an insertion loss and generating of the ripple in a passband, arise. This 
[0007] ° n rem ° VeS ^ ab ° Ve troubIes and aims at offerin S the SAW resonator which can adjust a property easily. 

[Means for Solving the Problem] In order to solve said technical problem, this invention is prepared on a piezo-electric 
substrate, and after it changes an electrical signal into SAW, it is adjusting the frequency by the following approaches 
in the resonator mold SAW filter constituted by the ladder mold circuit which consists of a serial arm SAW resonator 
and a juxtaposition arm SAW resonator using the SAW resonator which changes the SAW into an electrical signal two 
or more. That is, the resonance frequency or antiresonant frequency of a serial arm SAW resonator is measured, and an 
insulator layer is put on a serial arm SAW resonator by the comparison with the measurement result and the center 
frequency of a resonator mold SAW filter, or etching processing is performed, and the resonance frequency or 
antiresonant frequency of a serial arm SAW resonator is adjusted. Furthermore, the antiresonant frequency or 
IIT<?2™ frequenc y of a juxtaposition arm SAW resonator is measured, and an insulator layer is put on a juxtaposition 
arm bAW resonator by the comparison with the measurement result and the center frequency of a resonator mold SAW 
tiiter, or etching processing is performed, and the antiresonant frequency or resonance frequency of a juxtaposition arm 
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SAW resonator is adjusted. 
[0008] 

[Function] According to this invention, since the frequency regulation approach of a SAW resonator was constituted as 
mentioned above, by putting an insulator layer on a serial arm SAW resonator, me load concerning the piezo-electric 
substrate under this insulator layer becomes large, and the resonance frequency or antiresonant frequency of a serial 
arm SAW resonator moves to a low frequency side. Moreover, by carrying out etching processing of the serial arm 
SAW resonator, the load concerning the piezo-electric substrate of the this etched part becomes small, and the 
resonance frequency or antiresonant frequency of a serial arm SAW resonator moves to a RF side. On the other hand, 
the antiresonant frequency or resonance frequency of a juxtaposition arm SAW resonator moves to a low frequency ' 
side by putting an insulator layer on a juxtaposition arm SAW resonator. Moreover, the antiresonant frequency or 
resonance frequency of a juxtaposition arm SAW resonator moves to a RF side by carrying out etching processing of 
the juxtaposition arm SAW resonator. Therefore, said technical problem is solvable. 
[0009] 

[Example] Drawing _15 is the property Fig. of the reactance in f0<f 2=f3. Drawin g 16 is the property Fig. of the 
reactance in f2=f3<f 0. Drawing 17 is the property Fig. of the reactance in f0<f2<f 3. Drawin g 18 is the property Fig. of 
the reactance in f0=f2<f3. Drawing 19 is the property Fig. of the reactance in f2<f0<f3. Drawin g 20 is the property Fig. 
of the reactance in f2<f3=f0. Drawing 21 is the property Fig. of the reactance in f2<f3<f0. Drawing 22 is the property 
Fig. of the reactance in f2>f 3>f0. Drawing 23 is the property Fig. of the reactance in f2>f3=f0. Drawing 24 is the 
property Fig. of the reactance in f2>f0>f3. Drawing 25 is the property Fig. of the reactance in f2=f0>f3. Drawing 26 is 
the property Fig. of the reactance in f0>f2>f3. However, as for center frequency and f2, fO is [ the antiresonant 
frequency of a juxtaposition arm SAW resonator and f3 ] the resonance frequency of a serial arm SAW resonator. As 
mentioned above, 12 kinds of properties that it is necessary to adjust a frequency in the resonator mold SAW filter 
constituted by the ladder mold circuit exist 

In the 1st example [ 1st ] of an example, (1) and (2) explain below the frequency regulation approach in f2=f3<f0 
shown in the case of f0<f2=f3 and drawing 16 which are shown in drawing 15 . 

[0010] (1) In the case of f0<f2=f3, drawing 1 is the top view of the resonator mold SAW filter for explaining the 
frequency regulation approach 1 of the resonator mold SAW filter of the 1st example of this invention, and the 
common sign is given to the element in conventional drawing 13 , and the common element, this drawing 1 - each on 
IDT32, the grating reflector 33, IDT34, and the grating reflector 35 in drawing 13 ~ each on the whole surface, the 
drawer electrode 36 for an input and the drawer electrode 37 for an output, and the drawer electrode 38 for a ground - 
insulator layer 391 is formed in the part. Drawing 27 is the A -A line sectional view of drawing 1 . Next, actuation of 
drawin g 1 is explained. If in the case of f0<f2=f3 shown in drawin g 15 insulator layer 391 is put so that IDT32, the 
grating reflector 33, IDT34, and the grating reflector 35 whole may be covered, the load concerning the piezo-electric 
substrate 31 becomes large, only the rate with both the same velocity of propagation of SAW generated in the serial 
arm SAW resonator and the juxtaposition arm SAW resonator will fall, and both the reactive characteristics of a serial 
arm SAW resonator and a juxtaposition arm SAW resonator will move it to a low frequency side. Insulator layer 391 is 
made to put, since the thickness of insulator layer 391 can adjust the movement magnitude of this frequency until it is 
set to f2-f3=f0. The above procedure can perform frequency regulation in f0<f2=f3. 

[001 1] (2) In the case of f2=f3<f0, drawing 28 is the top view of the resonator mold SAW filter for explaining the 
frequency regulation approach 2 of the 1st example of this invention, and the common sign is given to the element in 
toingj. , and the common element. Etching 39E is given to the field in which insulator layer 39A in drawing 1 is 
formed in this drawin g 28 . DrawingJ9 is the A-A line sectional view of drawing 28 . Next, actuation of drawing 28 is 
explained. If etching 39E is given to IDT32, the grating reflector 33, IDT34, and the grating reflector 35 whole in the 
case of f2=f3<f0 shown in drawing 16 , the load concerning the piezo-electric substrate 31 becomes small, only the rate 
with both the same velocity of propagation of SAW generated in the serial arm SAW resonator and the juxtaposition 
atm resonator W,H rise> both the reactive characteristics of a serial arm SAW resonator and a juxtaposition 
arm SAW resonator will move it to a RF side. Since the amount of etching of etching 39E can adjust the movement 
magnitude of this frequency, an etching field is etched until it is set to f2=f3=f0. The above procedure can perform 
S q mT C 7/ eg !i i l ° n f2=f3 < f0 - As mentioned above, by putting insulator layer 391 on IDT32, the grating reflector 
33, IDT34, and the grating reflector 35 whole, or giving etching 39E, the reactive characteristic of a serial arm SAW 
resonator and a juxtaposition arm SAW resonator can be adjusted, and the resonance frequency of a serial arm SAW 
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resonator and the antiresonant frequency of a juxtaposition arm SAW resonator can be made in agreement with 
predetermined center frequency in this 1st example. A desired frequency and a desired filter shape can be obtained by 
this frequency regulation approach, and the yield also improves. 

The 2nd example [ 2nd ] of an example explains the frequency regulation approach of the resonator mold SAW filter in 
f2<f3 shown in drawing 17 - drawing 21 . 

[0012] DrawingJO is the top view of the resonator mold SAW filter for explaining the frequency regulation approach 1 
of the 2nd example of this invention, and the common sign is given to the element in drawing 13 , and the common 
element. In this drawingJO , insulator layer 39si is formed on IDT32 which constitutes the serial arm SAW resonator 
in drawing 13 , and the grating reflector 33. Drawin g 31 is the A-A line sectional view of drawing 1 . Next, actuation of 
d rawin g 30 is explained. If insulator layer 39si is put so that IDT32 and the grating reflector 33 may be covered, the 
velocity of propagation of SAW generated in the serial arm SAW resonator will fall, and the reactive characteristic of a 
serial arm SAW resonator will move to a low frequency side. Insulator layer 39si is made to put in the case of f2<f3, 
since the thickness of insulator layer 39si can adjust the movement magnitude of this frequency until it is set to f2=f 3. 
Drawing 32 is the top view of the resonator mold SAW filter for explaining the frequency regulation approach 2 of the 
2nd example of this invention, and the common sign is given to the element in drawing 13 , and the common element. 
Etching 39pe is given to the field of IDT34 which constitutes the juxtaposition arm SAW resonator in drawing 13 , and 
the grating reflector 35 in this drawing 32 . Drawing 33 is the A-A line sectional view of drawing 32 . Next, actuation 
of drawing 32 is explained. If IDT34 and the grating reflector 35 are etched, the velocity of propagation of SAW 
generated in the juxtaposition arm SAW resonator will rise, and the reactive characteristic of a juxtaposition arm SAW 
resonator will move to a RF side. Since the amount of etching of etching 39pe can adjust this movement magnitude, in 
the case of f2<f3, an etching field is etched until it is set to f2=f3. 

[0013] Above, the adjustment approach which makes the resonance frequency f3 of a serial arm SAW resonator and 
the antiresonant frequency f 2 of a juxtaposition arm SAW resonator in agreement about the case of f2<f3 was 
explained. When relative si2e relation with center frequency fO is taken into consideration in the case of f2<f3, there are 
five kinds of drawingj_7 - drawing 21 . The frequency regulation approach in these five kinds can be adjusted by 
combining the adjustment approach shown in the adjustment approach shown in this 2nd example, and the 1st example. 
As mentioned above, the resonance frequency f3 of a serial arm SAW resonator and the antiresonant frequency f2 of a 
juxtaposition arm SAW resonator can be made in agreement by giving etching 39pe to IDT34 and the grating reflector 
35 which put insulator layer 39si on IDT32 and the grating reflector 33 which constitute a serial arm SAW resonator, or 
constitute a juxtaposition arm SAW resonator from this 2nd example. Moreover, the resonance frequency f3 of a serial 
arm SAW resonator and the antiresonant frequency f2 of a juxtaposition arm SAW resonator can be made in agreement 
with center frequency fO by combining the adjustment approach shown in the 1st example. By this frequency regulation 
approach, problems, such as an increment in an insertion loss and generating of the ripple in a passband, can be solved, 
a desired frequency and a desired filter shape can be obtained, and (he yield also improves. 

The 3rd example [ 3rd ] of an example explains the frequency regulation approach of the resonator mold SAW filter in 
f 2>f 3 shown in d rawing ^ - drawing 26 . Drawing 34 is the top view of the resonator mold SAW filter for explaining 
the frequency regulation approach 1 of the 3rd example of this invention, and the common sign is given to the element 
in drawin gJJ , and the common element. In this drawing 34 , insulator layer 39pi is formed on IDT34 which 
constitutes the juxtaposition arm SAW resonator in drawing 13 , and the grating reflector 35. Drawin g 35 is the A-A 
line sectional view of drawing 34 , 

[0014] Next, actuation of drawing 34 is explained. f2> If in the case of f3 insulator layer 39pi is put so that IDT34 and 
the grating reflector 35 may be covered, the velocity of propagation of SAW generated in the juxtaposition arm SAW 
resonator will fall, and the reactive characteristic of a juxtaposition arm SAW resonator will move to a low frequency 
side Insulator layer 39pi is made to put, since the thickness of insulator layer 39pi can adjust this movement magnitude 
until it is set to f2=f3. Drawing 36 is the top view of the resonator mold SAW filter for explaining the frequency 
regulation approach 2 of the resonator mold SAW filter of the 3rd example of this invention, and the common sign is 
given to the element in dr awing 13 , and the common element. Etching 39se is given to the field of IDT32 which 
constitutes the serial arm SAW resonator in drawing 13 , and the grating reflector 33 in this drawing 36 . Drawing 37 is 
the A-A line sectional view of drawing . Next, actuation of drawin g 36 is explained. f2> If IDT32 and the grating 
reflector 33 are etched in the case of f3, the load concerning the piezo-electric substrate 31 will become smallfthe 
velocity of propagation of SAW generated in the serial arm SAW resonator will rise, and the reactive characteristic of a 
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serial arm SAW resonator will move to a RF side. Since the amount of etching of etching 39se can adjust this 
movement magnitude, an etching field is etched until it is set to f2=f3. The above procedure can perform frequency 
regulation in f2>f3. Above, the adjustment approach which makes the antiresonant frequency f2 of a juxtaposition arm 
SAW resonator and the resonance frequency f3 of a serial arm SAW resonator in agreement about the case of f2>f3 
was explained. f2> When relative size relation with center frequency f 0 is taken into consideration in the case of f3, 
there are five kinds of drawing 22 - drawing 26 , The frequency regulation approach in these five kinds can be adjusted 
by combining the adjustment approach shown in the adjustment approach shown in this 3rd example, and the 1st 
example. 

[0015] As mentioned above, the antiresonant frequency f2 of a juxtaposition arm SAW resonator and the resonance 
frequency f3 of a serial arm SAW resonator can be made in agreement by giving etching 39se to IDT32 and the grating 
reflector 33 which put insulator layer 39pi on IDT34 and the grating reflector 35 which constitute a juxtaposition arm 
SAW resonator, or constitute a serial arm SAW resonator from this 3rd example. Moreover, the resonance frequency f3 
of a serial arm SAW resonator and the antiresonant frequency f2 of a juxtaposition arm SAW resonator can be made in 
agreement with center frequency fO by combining the adjustment approach shown in the 1st example. By this 
frequency regulation approach, problems, such as an increment in an insertion loss and generating of the ripple in a 
passband, can be solved, a desired frequency and a desired filter shape can be obtained, and the yield also improves. In 
addition, this invention is not limited to the above-mentioned example, but various deformation is possible for it As the 
******, there is the following, for example. 

(1) Although the example explained using the resonator mold SAW filter of an one-step ladder mold, it can apply also 
in the resonator mold SAW filter of a multistage type, and the same effectiveness is acquired. 

(2) The frequency regulation approach of this invention can be applied also when adjusting the reactive characteristic 
of a SAW resonator. 

(3) The reactive characteristic of a SAW resonator can also be adjusted by making into the field of various profiles the 
field which performs the field and etching which form an insulator layer on a SAW resonator. 

[0016] 

[Effect of the Invention] As explained to the detail above, according to this invention, put an insulator layer on a serial 
arm SAW resonator, or perform etching processing, and the resonance frequency or antiresonant frequency of a serial 
arm SAW resonator is adjusted. Furthermore, since an insulator layer is put on a juxtaposition arm SAW resonator, or 
etching processing is performed and the antiresonant frequency or resonance frequency of a juxtaposition arm SAW 
resonator was adjusted The resonance frequency of a serial arm SAW resonator or antiresonant frequency, the 
antiresonant frequency of a juxtaposition arm SAW resonator, or resonance frequency can be made in agreement, and it 
can be made further in agreement with center frequency. Therefore, desired center frequency and pass band width are 
obtained, and prevention of ripple generating in a passband and an insertion loss can be fallen. 



[Translation done.] 
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* NOTICES * 

Japan Paterit Office is not responsible for any 
damages caused by the use of this translation . 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to the frequency regulation approach in the resonator mold surface 
acoustic wave (it is called SAW Surface Acoustic Wave and the following) filter used for the RF signal-processing 
sections, such as a cell phone unit, etc. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] Surface acoustic wave equipment is equipment which changes an electrical signal into a 
surface acoustic wave by the blind-like electrode or converter (it is called IDT Interdigital Transducer and the 
following) arranged on a piezo-electric substrate. A surface acoustic wave filter has the features of small, a light 
weight, and no adjusting, especially, and since the photolithography technique used for the manufacture process at 
manufacture of a semiconductor device can be used, it excels also in mass-production nature. Generally an SAW filter 
is classified into a transversal mold and a resonator mold. Drawing 2 is structural drawing showing the configuration of 
the conventional general transversal mold SAW filter. Two or more IDT(s)3 for an input connected to the input 
terminal 2 and two or more IDT(s)4 for an output connected to the output terminal 5 are formed on the piezo-electric 
substrate 1 at this transversal mold SAW f ilter. The transversal mold SAW filter has structure which has arranged much 
IDT(s)3 for an input, and IDT(s)4 for an output by turns. Drawing 3 is the conceptual diagram of a SAW resonator. 
This SAW resonator is equipped with IDT6 and the grating reflector 7. A resonator mold SAW filter is constituted 
using the SAW resonator which consisted of IDT and a grating reflector. A resonator mold SAW filter is classified into 
a ladder mold and a double mode type. Drawing 4 is the block diagram of a ladder mold circuit using two SAW 
resonators shown in drawing 3 , and drawing 5 is the block diagram of a double mode type SAW resonator. Generally, 
a resonator mold SAW filter has the description of low loss, the high magnitude of attenuation, a narrow-band, and 
matching circuit needlessness compared with a transversal mold SAW filter. 

[0003] Drawing^ is the top view of a reflector mold SAW resonator. This SAW resonator has the piezo-electric 
substrate 1 1, and the input terminal 12 into which an electrical signal is inputted is formed on that piezo-electric 
substrate 11. Blind-like electrode finger 14a is connected to the input terminal 12. The output terminal 13 is formed in 
the opposite side of the input terminal 12 on the piezo-electric substrate 1 1 like the input terminal 12. Blind-like 
electrode finger 14b faces electrode finger 14a, and is connected to the output terminal 13. The transducer 14 consists 
of electrode finger 14a and electrode finger 14b. A transducer 14 changes the SAW 16 into an electrical signal, after 
changing into SAW 16 the electrical signal inputted from an input terminal 12. Reflectors 15R and 15L are formed in 
the propagation direction A of SAW 16 of the both sides of a transducer 14, and A'. Reflectors 15R and 15L have two 
or more electrodes with which the edge was connected, and these electrodes are formed at equal intervals in parallel, 
reflect SAW16, and they generate a reflected wave. Next, actuation of drawing 6 is explained. If a RF signal (hundreds 
of kHz or more) is inputted into an input terminal 12, high-frequency voltage will occur inductively in electrode finger 
14b which high-frequency voltage was built over electrode finger 14a connected to the input terminal 12, and was 
connected to the output terminal 13, but since the phase is behind, the potential difference arises among both-ends 
children. By this, SAW 16 of the frequency as distortion and an input signal with the same front face of the piezo- 
electric substrate 11 under the electrode fingers 14a and 14b excites. This SAW 16 spreads to the propagation direction 
A of SAW16 of the both sides of a transducer 14, and A', it is reflected with Reflectors 15R and 15L, and a reflected 
wave occurs. These reflected waves and newly generated SAW resonate, and a standing wave occurs. The electrical 
signal of the same frequency as this standing wave is outputted from an output terminal 13. In addition, although the 
impedances of the whole system seen from the input terminal 12 differ when [ by which termination is carried out by 
the load ] an output terminal 13 is released, and case and grounded, in any case, SAW excites and a resonator is served 
BVMWgl is the circuit diagram of the electrical equivalent circuit of a SAW resonator. They are Coil L, Capacitor C ' 
and the series circuit of Resistance R and the electrostatic capacity CO of IDT like a quartz resonator. It is expressed in 
a parallel circuit. ^ 
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[0004] Drawin gjj is a property Fig. of the reactive characteristic of a SAW resonator shown in drawing 7 . The SAW 
resonator has the duplex resonance characteristic which has resonance frequency fr and antiresonant frequency fa, as 
shown in drawing 8 . Therefore, a band-pass filter can be constituted by constituting a SAW resonator like the 
conventional LC filter. Drawing 9 is the circuit diagram of the band-pass filter which connected two SAW resonators to 
the one-step ladder mold circuit. This band-pass filter consists of the serial arm SAW resonator 21, a juxtaposition arm 
SAW resonator 22, an input terminal 23, and an output terminal 24. Drawin g 10 is drawing showing the property of 
drawing 9 , especially this drawing (a) is drawing showing the reactive characteristic of the serial arm SAW resonator 
21 in drawing 9 , and the juxtaposition arm SAW resonator 22, and this drawing (b) is drawing showing the 
transmission characteristic S21 of drawing 9 - The semantics of each sign in drawing 10 is as follows. 
fO; Center frequency f 1; of a ladder mold circuit Resonance frequency f2; of the juxtaposition arm SAW resonator 22 
The antiresonant frequency P; passband D of the resonance frequency f4; serial arm SAW resonator 21 of the 
antiresonant frequency f3; serial arm SAW resonator 21 of the juxtaposition arm SAW resonator 22; if the antiresonant 
frequency f2 of the decay area juxtaposition arm SAW resonator 22 and the resonance frequency f3 of the serial arm 
SAW resonator 21 are made in agreement The band-pass filter of a transmission characteristic as shown in drawin g 10 
can be constituted. Generally, since the large magnitude of attenuation cannot be taken in an one-step ladder mold 
circuit, cascade connection of the ladder mold circuit is carried out, for example, it is used by making it multistage 
ladder mold circuits, such as three steps and five etc. steps. Drawing 11 is the circuit diagram of a three-step ladder 
mold circuit, and drawing 12 is the circuit diagram of a five-step ladder mold circuit, 

[0005] Drawing 1 3 is the top view of the resonator mold SAW filter which constituted the SAW resonator in the one- 
step ladder mold circuit. In this resonator mold SAW filter, IDT34 of IDT32 of a serial arm SAW resonator, the grating 
reflector 33 of a serial arm SAW resonator, and a juxtaposition arm SAW resonator, the grating reflector 35 of a 
juxtaposition arm SAW resonator, the drawer electrode 36 for an input, the drawer electrode 37 for an output, and the 
drawer electrode 38 for a ground are formed on the piezo-electric substrate 31. Drawing 14 is the A-A line sectional 
view of drawing 13 , In addition, the aluminium alloy which contained copper and silicon in aluminum several% is 
used for IDT 32 and 34 and the grating reflectors 33 and 35, and gold is used for the drawer electrodes 36, 37, and 38. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damageB caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As explained to the detail above, in this invention, an insulator layer is put on a serial arm 
SAW resonator, or etching processing is performed, the resonance frequency or antiresonant frequency of a serial arm 
SAW resonator is adjusted, an insulator layer is further put on a juxtaposition arm SAW resonator, or etching 
processing is performed, and the antiresonant frequency or resonance frequency of a juxtaposition arm SAW resonator 
was adjusted. Therefore, the resonance frequency of a serial arm SAW resonator or antiresonant frequency, the 
antiresonant frequency of a juxtaposition arm SAW resonator, or resonance frequency can be made in agreement, and it 
can be made further in agreement with center frequency. Therefore, desired center frequency and pass band width are 
obtained, and prevention of ripple generating in a passband and an insertion loss can be fallen. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
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3. In the drawings, any words are not translated. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, in case a serial arm SAW resonator and a juxtaposition arm SAW 
resonator are unified and formed on one piezo-electric substrate, even if in agreement [ with dispersion in the thickness 
of an electrode, and the width of face of an electrode finger etc. ] when the resonance frequency of a serial arm SAW 
resonator and the antiresonant frequency of a juxtaposition arm SAW resonator are not correctly in agreement or, 
center frequency may shift. Therefore, desired center frequency and pass band width are no longer obtained, and, 
moreover, problems, such as an increment in an insertion loss and generating of the ripple in a passband, arise. This 
invention removes the above troubles and aims at offering the SAW resonator which can adjust a property easily. 
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2-**** shows the word which can not be translated. 
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MEANS 



[Means for Solving the Problem] In order to solve said technical problem, this invention is prepared on a piezo-electric 
substrate, and after it changes an electrical signal into SAW, it is adjusting the frequency by the following approaches 
in the resonator mold SAW filter constituted by the ladder mold circuit which consists of a serial arm SAW resonator 
and a juxtaposition arm SAW resonator using the SAW resonator which changes the SAW into an electrical signal two 
or more. That is, the resonance frequency or antiresonant frequency of a serial arm SAW resonator is measured, and an 
insulator layer is put on a serial arm SAW resonator by the comparison with the measurement result and the center 
frequency of a resonator mold SAW filter, or etching processing is performed, and the resonance frequency or 
antiresonant frequency of a serial arm SAW resonator is adjusted. Furthermore, the antiresonant frequency or 
resonance frequency of a juxtaposition arm SAW resonator is measured, and an insulator layer is put on a juxtaposition 
arm SAW resonator by the comparison with the measurement result and the center frequency of a resonator mold SAW 
filter, or etching processing is performed, and the antiresonant frequency or resonance frequency of a juxtaposition arm 
SAW resonator is adjusted. 
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OPERATION 



[Function] According to this invention, since the frequency regulation approach of a SAW resonator was constituted as 
mentioned above, by putting an insulator layer on a serial arm SAW resonator, the load concerning the piezo-electric 
substrate under this insulator layer becomes large, and the resonance frequency or antiresonant frequency of a serial 
arm SAW resonator moves to a low frequency side. Moreover, by carrying out etching processing of the serial arm 
SAW resonator, the load concerning the piezo-electric substrate of the this etched part becomes small, and the 
resonance frequency or antiresonant frequency of a serial arm SAW resonator moves to a RF side. On the other hand, 
the antiresonant frequency or resonance frequency of a juxtaposition arm SAW resonator moves to a low frequency 
side by putting an insulator layer on a juxtaposition arm SAW resonator. Moreover, the antiresonant frequency or 
resonance frequency of a juxtaposition arm SAW resonator moves to a RF side by carrying out etching processing of 
the juxtaposition arm SAW resonator, Therefore, said technical problem is solvable. 
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EXAMPLE 

[Example] DrawingJJ* is the property Fig. of the reactance in f0<f2=f3. Drawin g 16 is the property Fig. of the 
reactance in f2=f 3<f0. Drawing_17 is the property Fig. of the reactance in f0<f2<f3. Drawing 18 is the property Fig. of 
the reactance in f0=f2<f3. Drawingjj) is the property Fig. of the reactance in f2<f0<f3. Drawing 20 is the property Fig. 
of the reactance in f2<f3=f0. Drawing 21 is the property Fig. of the reactance in f2<f3<f0. Drawing 22 is the property 
Fig. of the reactance in f2>f3>f0. Drawing 23 is the property Fig. of the reactance in f2>f3=f0. Drawin g 24 is the 
property Fig, of the reactance in f2>f0>f3. Drawing 25 is the property Fig, of the reactance in f2=f0>f 3. Drawing 26 is 
the property Fig. of the reactance in f0>f2>f 3. However, as for center frequency and f 2, fO is [ the antiresonant 
frequency of a juxtaposition arm SAW resonator and f3 ] the resonance frequency of a serial arm SAW resonator. As 
mentioned above, 12 kinds of properties that it is necessary to adjust a frequency in the resonator mold SAW filter 
constituted by the ladder mold circuit exist. 

In the 1st example [ 1st ] of an example, (1) and (2) explain below the frequency regulation approach in f2=f3<f0 
shown in the case of f0<f2=f3 and drawing 16 which are shown in drawing 15 . 

[0010] (1) In the case of f0<f2=f3, drawing 1 is the top view of the resonator mold SAW filter for explaining the 
frequency regulation approach 1 of the resonator mold SAW filter of the 1st example of this invention, and the 
common sign is given to the element in conventional drawing 13 , and the common element, this drawing 1 - each on 
IDT32, the grating reflector 33, IDT34, and the grating reflector 35 in drawing 13 - each on the whole surface, the 
drawer electrode 36 for an input and the drawer electrode 37 for an output, and the drawer electrode 38 for a ground - 
insulator layer 391 is formed in the part. Drawing 27 is the A-A line sectional view of drawing 1 . Next, actuation of 
drawing.1 is explained. If in the case of f0<f2=f3 shown in drawing 15 insulator layer 391 is put so that IDT32, the 
grating reflector 33, IDT34, and the grating reflector 35 whole may be covered, the load concerning the piezo-electric 
substrate 31 becomes large, only the rate with both the same velocity of propagation of SAW generated in the serial 
arm SAW resonator and the juxtaposition arm SAW resonator will fall, and both the reactive characteristics of a serial 
arm SAW resonator and a juxtaposition arm SAW resonator will move it to a low frequency side. Insulator layer 391 is 
made to put, since the thickness of insulator layer 391 can adjust the movement magnitude of this frequency until it is 
set to f 2=f3=f0. The above procedure can perform frequency regulation in f0<f2=f3. 

[001 1] (2) In the case of f2=f3<f0, drawing_28 is the top view of the resonator mold SAW filter for explaining the 
frequency regulation approach 2 of the 1st example of this invention, and the common sign is given to the element in 
drawing.! , and the common element. Etching 39E is given to the field in which insulator layer 39A in drawing 1 is 
formed in this drmmg28 . Drawing 29 is the A-A line sectional view of drawing 28 . Next, actuation of drawing 28 is 
explained. If etching 39E is given to IDT32, the grating reflector 33, IDT34, and the grating reflector 35 whole in the 
case of f2=f3<f0 shown in drawing 16 , the load concerning the piezo-electric substrate 31 becomes small, only the rate 
WLth both the same velocity of propagation of SAW generated in the serial arm SAW resonator and the juxtaposition 
arm SAW resonator will rise, and both the reactive characteristics of a serial arm SAW resonator and a juxtaposition 
arm SAW resonator will move it to a RF side. Since the amount of etching of etching 39E can adjust the movement 
magnitude of this frequency, an etching field is etched until it is set to f2=f3=f0. The above procedure can perform 
S q T U i^ y regulation in f2=f3<f0 - As mentioned above, by putting insulator layer 391 on IDT32, the grating reflector 
33, IDT34, and the grating reflector 35 whole, or giving etching 39E, the reactive characteristic of a serial arm SAW 
resonator and a juxtaposition arm SAW resonator can be adjusted, and the resonance frequency of a serial arm SAW 
resonator and the antiresonant frequency of a juxtaposition arm SAW resonator can be made in agreement with 
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predetermined center frequency in this 1st example. A desired frequency and a desired filter shape can be obtained by 
this frequency regulation approach, and the yield also improves. 

The 2nd example [ 2nd ] of an example explains the frequency regulation approach of the resonator mold SAW filter in 
f 2<f 3 shown in drawing 17 - drawing 21 . 

[0012] Drawing 30 is the top view of the resonator mold SAW filter for explaining the frequency regulation approach 1 
of the 2nd example of this invention, and the common sign is given to the element in drawing 13 , and the common 
element. In this drawing 30 , insulator layer 39si is formed on IDT32 which constitutes the serial arm SAW resonator 
in drawing 13 , and the grating reflector 33. Drawing 31 is the A-A line sectional view of drawing 1 , Next, actuation of 
drawmgJO is explained. If insulator layer 39si is put so that IDT32 and the grating reflector 33 may be covered, the 
velocity of propagation of SAW generated in the serial ami SAW resonator will fall, and the reactive characteristic of a 
serial arm SAW resonator will move to a low frequency side. Insulator layer 39si is made to put in the case of f2<f3, 
since the thickness of insulator layer 39si can adjust the movement magnitude of this frequency until it is set to f2=f3. 
Drawing 32 is the top view of the resonator mold SAW filter for explaining the frequency regulation approach 2 of the 
2nd example of this invention, and the common sign is given to the element in drawing 13 , and the common element. 
Etching 39pe is given to the field of IDT34 which constitutes the juxtaposition arm SAW resonator in drawing 13 , and 
the grating reflector 35 in this drawin g 32 . Drawing 33 is the A-A line sectional view of drawing 32 . Next, actuation 
of drawing 32 is explained. If IDT34 and the grating reflector 35 are etched, the velocity of propagation of SAW 
generated in the juxtaposition arm SAW resonator will rise, and the reactive characteristic of a juxtaposition arm SAW 
resonator will move to a RF side. Since the amount of etching of etching 39pe can adjust this movement magnitude, in 
the case of f2<f3, an etching field is etched until it is set to f2=f3. 

[0013] Above, the adjustment approach which makes the resonance frequency f3 of a serial arm SAW resonator and 
the antiresonant frequency f2 of a juxtaposition arm SAW resonator in agreement about the case of f2<f3 was 
explained. When relative size relation with center frequency fO is taken into consideration in the case of f2<f3, there are 
five kinds of drawing 17 - drawing 21 . The frequency regulation approach in these five kinds can be adjusted by 
combining the adjustment approach shown in the adjustment approach shown in this 2nd example, and the 1st example. 
As mentioned above, the resonance frequency f3 of a serial arm SAW resonator and the antiresonant frequency f2 of a 
juxtaposition arm SAW resonator can be made in agreement by giving etching 39pe to IDT34 and the grating reflector 
35 which put insulator layer 39si on IDT32 and the grating reflector 33 which constitute a serial arm SAW resonator, or 
constitute a juxtaposition arm SAW resonator from this 2nd example. Moreover, the resonance frequency f 3 of a serial 
arm SAW resonator and the antiresonant frequency f 2 of a juxtaposition arm SAW resonator can be made in agreement 
with center frequency fO by combining the adjustment approach shown in the 1st example. By this frequency regulation 
approach, problems, such as an increment in an insertion loss and generating of the ripple in a passband, can be solved, 
a desired frequency and a desired filter shape can be obtained, and the yield also improves. 

The 3rd example [ 3rd ] of an example explains the frequency regulation approach of the resonator mold SAW filter in 
f 2>f3 shown in drawing 22 - drawin g 26 . Drawing 34 is the top view of the resonator mold SAW filter for explaining 
the frequency regulation approach 1 of the 3rd example of this invention, and the common sign is given to the element 
in drawing 13 , and the common element. In this drawing 34 , insulator layer 39pi is formed on IDT34 which 
constitutes the juxtaposition arm SAW resonator in drawing 13 , and the grating reflector 35. Drawing 35 is the A-A 
line sectional view of drawing 34 . 

[0014] Next, actuation of drawing 34 is explained. f2> If in the case of f3 insulator layer 39pi is put so that IDT34 and 
the grating reflector 35 may be covered, the velocity of propagation of SAW generated in the juxtaposition arm SAW* 
resonator will fall, and the reactive characteristic of a juxtaposition arm SAW resonator will move to a low frequency 
side. Insulator layer 39pi is made to put, since the thickness of insulator layer 39pi can adjust this movement magnitude 
until it is set to f2=f3. Drawing 36 is the top view of the resonator mold SAW filter for explaining the frequency 
regulation approach 2 of the resonator mold SAW filter of the 3rd example of this invention, and the common sign is 
given to the element in drawing 13 , and the common element. Etching 39se is given to the field of IDT32 which 
constitutes the serial arm SAW resonator in drawing ;L3 , and the grating reflector 33 in this drawing 36 . Drawing 37 is 
the A-A hne sectional view of drawing 36 . Next, actuation of drawing 36 is explained. f2> If IDT32 and the grating 
reflector 33 are etched in the case of f3, the load concerning the piezo-electric substrate 31 will become small, the 
velocity of propagation of SAW generated in the serial arm SAW resonator will rise, and the reactive characteristic of a 
serial arm SAW resonator will move to a RF side. Since the amount of etching of etching 39se can adjust this 

httD://www4.ii>dl.ino.ffo.in/r,pri-hin/tr«n wpH 

PACE 37/105 * RCVD AT 8/25/2004 4:09:12 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/0 - DNIS:8729306 * CSID:7033855080 * DURATION <mm-ss):62-44 O/25/2004 



08/25/2094 15:13 7033855080 



KEATING & BENNETT 



PAGE 38/99 

Page 3 of 3 



movement magnitude, an etching field is etched until it is set to f2=f3. The above procedure can perform frequency 
regulation in f2>f3. Above, the adjustment approach which makes the antiresonant frequency f2 of a juxtaposition arm 
SAW resonator and the resonance frequency f3 of a serial arm SAW resonator in agreement about the case of f2>f3 
was explained. f2> When relative size relation with center frequency fO is taken into consideration in the case of f3 
there are five kinds of d rawing 22 - drawing 26 . The frequency regulation approach in these five kinds can be adjusted 
by combining the adjustment approach shown in the adjustment approach shown in this 3rd example, and the 1st 
example. 

[0015] As mentioned above, the antiresonant frequency f2 of a juxtaposition arm SAW resonator and the resonance 
frequency f3 of a serial arm SAW resonator can be made in agreement by giving etching 39se to IDT32 and the grating 
reflector 33 which put insulator layer 39pi on IDT34 and the grating reflector 35 which constitute a juxtaposition arm 
SAW resonator, or constitute a serial arm SAW resonator from this 3rd example. Moreover, the resonance frequency f 3 
of a serial arm SAW resonator and the antiresonant frequency f2 of a juxtaposition arm SAW resonator can be made in 
agreement with center frequency fO by combining the adjustment approach shown in the 1st example. By this 
frequency regulation approach, problems, such as an increment in an insertion loss and generating of the ripple in a 
passband, can be solved, a desired frequency and a desired filter shape can be obtained, and the yield also improves. In 
addition, this invention is not limited to the above-mentioned example, but various deformation is possible for it. As the 
******* there is the following, for example. 

(1) Although the example explained using the resonator mold SAW filter of an one-step ladder mold, it can apply also 
in the resonator mold SAW filter of a multistage type, and the same effectiveness is acquired. 

(2) The frequency regulation approach of this invention can be applied also when adjusting the reactive characteristic 
of a SAW resonator. 

(3) The reactive characteristic of a SAW resonator can also be adjusted by making into the field of various profiles the 
field which performs the field and etching which form an insulator layer on a SAW resonator. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[DrawingjL] It is the top view of the resonator mold SAW filter for enforcing the frequency regulation approach 1 of 
the 1st example of this invention. 

[Dra wing 21 It is the top view of a transversal mold SAW filter. 
[Drawing 31 It is the conceptual diagram of a SAW resonator. 
[Dr awing 41 It is the block diagram of a ladder mold circuit. 
[Drawing 51 It is the block diagram of a double mode type SAW resonator. 
[Drawing 61 It is the top view of a reflector mold SAW resonator. 
[Drawing 71 It is the circuit diagram of the equal circuit of a SAW resonator. 
[Drawing 8] It is the property Fig. of the reactance of a SAW resonator. 
[ Draw ing 91 It is the circuit diagram of an one-step ladder mold circuit 
[Drawin g 101 It is the property Fig. of dr awing 9 . 
[Draw i ng 111 It is the circuit diagram of a three-step ladder mold circuit. 
[Drawing 121 It is the circuit diagram of a five-step ladder mold circuit. 
[D rawing 131 It is the top view of a resonator mold SAW filter. 
[Drawing 141 It is the A-A line sectional view of drawing 13 . 
[ Drawing 151 It is the property Fig. of the reactance in f0<f2=f 3. 
[Drawing. 16] It is the property Fig. of the reactance in f2=f3<f 0. 
fP. rawin g.171 It is the property Fig. of the reactance in f0<f2<f3. 
lDrawing.181 It is the property Fig. of the reactance in f0^f2<f3. 
lDrawing,19], It is the property Fig. of the reactance in f2<f0<f3. 
[Drawing 20j It is the property Fig. of the reactance in f2<f3=f0. 
[Drawing 211 It is the property Fig. of the reactance in f2<f3<f0. 
[Drawing 22] f2>f3> It is the property Fig. of the reactance in fO. 
lPrawing.231 It is the property Fig. of the reactance in f2>f3=f0. 
[Drawing_241 f2>f0> It is the property Fig. of the reactance in f3. 
£prawing_25l f 2=f0> It is the property Fig. of the reactance in f3. 
IDrawjng 261 f 0>f2> It is the property Fig. of the reactance in f3. 
[Drawing 27] It is the A-A line sectional view of drawing 1 . 

towing. 281 It is the top view of the resonator mold SAW filter for enforcing the frequency regulation approach 2 of 
the 1st example of this invention. 

[Drawing 29] It is the A-A line sectional view of drawin g 28 . 

[Drawin g 3 0] It is the top view of the resonator mold SAW filter for enforcing the frequency regulation approach 1 of 
the 2nd example of this invention. 

[Drawing 31], It is the A-A line sectional view of drawing 30 . 

rDrawing .321 It is the top view of the resonator mold SAW filter for enforcing the frequency regulation approach 2 of 
the 2nd example of this invention. ^ J ° 

[Drawing 33] It is the A-A line sectional view of drawing 32 . 

[Drawing^] It is the top view of the resonator mold SAW filter for enforcing the frequency regulation approach 1 of 
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the 3rd example of this invention. 

[Drawing 351 It is the A- A line sectional view of drawing 34 . 

[Drawing 3$1 It is the top view of the resonator mold SAW filter for enforcing the frequency regulation approach 2 of 
the 3rd example of this invention. 

lDrawing-371 i t j s t h e A-A line sectional view of drawing 36 . 
[Description of Notations] 

21 [ ] Serial Arm SAW Resonator 

22 [ ] Juxtaposition Arm SAW Resonator 
31 [ ] Piezo-electric Substrate 

391, 39i, 39pi Insulator layer 
39E, 39pe, 39se Etching 
fO Center frequency 
f2 Antiresonant frequency 
f3 Resonance frequency 
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